A total of 148 samples of nine species of fruit were collected between 1999 and 2002 and analyzed for PCDDs, PCDFs (PCDD/Fs) and Coplanar PCBs. Sampling points within about 1 km of operational municipal waste incinerators that were considered sources of dioxins were defined as "near-source" areas, and all other sampling points were defined as "general" areas. The TEQ of apples collected from near-source areas was significantly higher than that from general areas ( p῍ 0.05). 3,3῍,4,4῍,5-PeCB (#126) was the main contributor to this di#erence in TEQs between apples collected from near-source areas and from general area. A principal component analysis performed to estimate the source of this congener revealed that not only the municipal waste incinerators, but also PCBs in the environment were associated with the high TEQ in apples collected from near-source areas. The daily intakes of PCDD/Fs and Coplanar PCBs from the fruits including skin were estimated to be 0.0082 pg-TEQ/kg b.w./day (NDῌ0) and 0.072 pg-TEQ/ kg b.w./day (NDῌ1/2 LOQ). Though these values are likely to be overestimates, they are far lower than the tolerable daily intake set in Japan for PCDD/Fs and Coplanar PCBs (4 pg-TEQ/kg b.w./day). It is thought that fruit intake is not an important pathway of human exposure to PCDD/Fs and Coplanar PCBs.
Introduction
Polychlorinated dibenzo-p-dioxins and dibenzofurans (PCDD/Fs) and Coplanar polychlorinated biphenyls (Coplanar PCBs) are widely spread environmental pollutants. PCDD/Fs and Coplanar PCBs express toxicities related to carcinogenicity, teratogenicity, immune system impairment and other adverse e#ects. They are very slightly soluble in water and decompose slowly in the environment. Processes of combustion and incineration in municipal waste incinerators 1) ; Kanechlors 2) ; and impurities in organochlorine products such as pentachlorophenol (PCP) 3)ῌ5) and 1,3,5-trichloro-2-(4-nitrophenoxy)benzene (chloronitrofen, CNP) 4)ῌ6) are well known as sources of PCDD/Fs and Coplanar PCBs.
The Law Concerning Special Measures against Dioxins (The Dioxins Law) was enacted in 1999 and came into force in 2000. This law prescribes e%uent control, the tolerable daily intake (TDI), and the values of environmental standards for PCDD/Fs and Coplanar PCBs in the atmosphere, water, sediments and soils. In this context, from 1999 to 2002 the Ministry of Agriculture, Forestry and Fisheries conducted a survey to review the status of PCDD/F and Coplanar PCB contamination of agricultural crops and soils. Here, we analyzed the results of the survey of PCDD/Fs and Coplanar PCBs in fruits and fruit-growing soils in order to 1) elucidate the uptake pathway in fruit, 2) evaluate the influence of municipal waste incinerators on contamination of fruit, and 3) estimate the daily human intake of these contaminants from fruits.
Materials and Methods

Samples
Samples of a total of nine species of fruit (nῌ87), i.e., apples, chestnuts, grapes, Japanese apricots, mandarin oranges, peaches, pears, persimmons, and pon-kan oranges, as well as soils (nῌ87) where the fruits were grown, were collected between 1999 and 2002. In addition, from 2000 to 2002, fruit samples (nῌ61) were collected in areas where soils samples were not collected. Sampling points within about 1 km of operational municipal waste incinerators that were considered sources of dioxins were defined as "near-source" areas, and all other sampling points were defined as "general" areas. The distance between the sampling point and the nearest operational municipal waste incinerator was calculated based on Global Positioning System (GPS) data. The numbers of samples collected from nearsource and general areas are shown by sampling year in Tables 1 and 2 . Sample preparation procedures are described in detail elsewhere 7) . In brief, for collected samples of apples, grapes, Japanese apricot, pears, and persimmons, the peduncles, cores, and seeds were removed and the fructifications, with skin, were homogenized in a mixer. For pon-kan oranges, the whole fructifications were homogenized in a mixer. For chestnuts, mandarin oranges, and peaches, the skin and seeds were removed and the fructifications were homogenized in a mixer. Soil samples sifted through a mesh screen (mesh openings: less than 2 mm) after air-drying were used for analysis. These samples were preserved in a freezer at ῌ20῎ until extraction.
Analysis
Analytical methods of fruits and soils are described in detail elsewhere 8), 9) . In brief, fruit samples (approximately 100 g) were weighed and 17 13 C 12 -labeled 2,3,7,8-chlorine-substituted PCDD/Fs, four 13 C 12 -labeled nonortho-PCBs, and eight 13 C 12 -labeled mono-ortho-PCBs were added to each sample as internal standards. The fruit samples were then extracted under continuous shaking three times with acetoneῌn-hexane (1 : 1, v/v). Soil samples (approximately 10 g) were extracted with toluene for 16 hr in a Soxhlet apparatus, and then 17 13 C 12 -labeled 2,3,7,8-chlorine-substituted PCDD/Fs, four 13 C 12 -labeled non-ortho-PCBs, and eight 13 C 12 -labeled mono-ortho-PCBs were added to each sample as internal standards. Sample solutions of fruit and soil after extraction were applied to a multi-layer silica gel column (silver nitrate-impregnated silica gel, sulfuric acidimpregnated silica gel, and KOH-impregnated silica gel) and were eluted with n-hexane. The solutions after concentration were applied to an alumina column and mono-ortho-PCBs were eluted with dichloromethaneῌ n-hexane (2 : 98, v/v). Then PCDD/Fs and non-orthoPCBs were eluted with a mixture of dichloromethaneῌ n-hexane (60 : 40, v/v). The latter fractions were concentrated and applied to an activated carbon column. The first fraction eluted with dichloromethaneῌn-hexane (25 : 75, v/v) was discarded. The second fraction eluted with toluene contained PCDD/Fs and nonortho-PCBs.
13 C 12 -labeled 2,3῎,4῎,5-TeCB (#70), 2,3,3῎,5,5῎-PeCB (#111) and 2,2῎,3,4,4῎,5῎-HxCB (#138) were added to the mono-ortho-PCBs fraction. Two 13 C 12 -labeled PCDFs (1,2,3,4,6-PeCDF and 1,2,3,4,6,8,9-HpCDF) with the above labeled PCBs congeners were added to the PCDD/Fs and non-ortho-PCBs eluted fraction as recovery standards.
Measurement of PCDD/Fs and Coplanar PCBs was performed with a high-resolution gas chromatograph equipped with a high-resolution mass spectrometer (HRGC/HRMS; HP6890/AutoSpec-Ultima Micromass). SP2331 (60 m῍0. 25 Table 3 . The LOQs were calculated based on the Provisional guidelines for analysis of polychlorinated dibenzo-pdioxins, dibenzofurans and coplanar PCBs in foods 8) . Recovery rates of 13 C 12 -labeled PCDD/Fs and Coplanar PCBs added before extraction ranged from 40῎ to 120῎. If the values obtained were beyond this range, the sample was reanalyzed by repeating the processes used after extraction.
Statistical analysis
Statistical analysis (one-way analysis of variance, the least significant di#erence method, t-test, Welch's test, and principal component analysis) were performed by Excel Statistics 2002 for Windows (Social Survey Research Information Co., Ltd.; SSRI).
Results and Discussion
Levels and uptake pathways of PCDD/Fs and Coplanar PCBs in fruit WHO-toxicity equivalent factors 10) were used to calculate the TEQs of PCDD/Fs and Coplanar PCBs in fruit samples. The mean TEQs in the nine species of fruit ranged from 0 to 0.033 pg-TEQ/g wet weight and were extremely low (Table 4) .
Two pathways of uptake of PCDD/Fs and Coplanar PCBs by agricultural crops can be considered: 1) absorption of PCDD/Fs and Coplanar PCBs present in the soil from the roots; and 2) adsorption and adhesion of PCDD/Fs and Coplanar PCBs present in the atmosphere onto the surface of the plant. With regard to absorption from the soil, it has been pointed out that only crops of the cucumber family (Cucurbitaceae), such as zucchini, can absorb from the roots 11)ῌ13) . In most crops, the uptake of PCDD/Fs and Coplanar PCBs is thought to occur by adsorption and adhesion of congeners present in the atmosphere to the surface of the plant 14)ῌ17) . To estimate the uptake pathways of PCDD/Fs and Coplanar PCBs, the relationship between the TEQs in the fruits and the soils where the fruits were grown was examined (Fig. 1) . No significant correlation was observed between the TEQs in the fruits analyzed in this study (chestnuts, peach and pon-kan oranges were excluded because the numbers of fruits with corresponding soil samples were small) and the TEQs of the soils. It is considered that the main uptake pathways of PCDD/Fs and Coplanar PCBs in fruits is not absorption via the roots, but adsorption and adhesion of PCDD/Fs and Coplanar PCBs present in the atmosphere on to the surface of the plant.
The TEQs were compared among the nine species of fruit, using multiple comparisons by one-way analysis of variance and the least significant di#erence method (Fig. 2) . First of all, one-way analysis of variance was performed, revealing that the TEQs of the nine species of fruit were significantly di#erent ( p῍0.05). Next, when multiple comparisons by the least significant di#erence method (level of significance: 0.05) were performed, it was determined that only grapes had significantly higher TEQs than the other fruits ( p῍ 0.01). This is reasonable, because grapes have the largest skin area per unit weight among the nine species of fruit.
Comparison of TEQs in fruits collected from near-source and general areas
The influence of PCDD/Fs and Coplanar PCBs emitted from municipal waste incinerators on TEQs in fruit was examined. TEQs were compared between the two types of sampling area. The data used were the TEQs in apples, grapes, pears, and persimmons, for which many samples had been collected. To compare the data between near-source and general areas, after the test of homogeneity of variance had been conducted, Welch's test was applied when the assumption of homoscedasticity was violated (apples, pears, and persimmons) and the t-test was applied when the assumption of homoscedasticity was not violated (grapes). Figure 3 shows that no significant di#erences were observed in the TEQs in grapes, pears, and persimmons between near-source and general areas, although the TEQ in apples in near-source areas was significantly higher than that in general areas ( p῍0.05). The main contributor for TEQ calculation in apples collected from near-source and general areas between 1999 and 2002 is shown in Fig. 4 . It was found that the TEQs in three apples in near-source areas in 2002 were higher than those in general areas, and that 3,3῎,4,4῎,5-PeCB (#126) was the main contributor in the three apples. With regard to the presence of 3,3῎,4,4῎,5-PeCB (#126) in the atmosphere, not only emissions from combustion and incineration facilities (such as waste gases from municipal waste incinerators), but also volatilization from environmental pollutants (such as wastes containing Kanechlors used previously) have been widely identified as sources 18) . Therefore, a principal component analysis (PCA) was performed in order to estimate the source of 3,3῎,4,4῎,5-PeCB (#126) in apples. In general, concentrations or relative concentrations of congeners are used as variables for PCA to estimate the source. In this study, the data used were relative concentrations of five congenersῌ2,3,3῎,4,4῎-PeCB (#105), 2,3,4,4῎,5-PeCB (#114), 2,3῎, 4,4῎,5-PeCB (#118), 2῎,3,4,4῎,5-PeCB (#123), and 3,3῎,4,4῎,5-PeCB (#126)ῌin apple collected from near-source and general areas in 2001 and 2002; in Kanechlors (KC-300, 400, 500, 600) 19) ; and in emission gases from municipal waste incinerators in Japan 20) . Figure 5 is a plot of principal component scores and the average compositions of the five congeners in Kanechlors, in the gases emitted from municipal waste incinerators, and in the apples collected from nearsource and general areas. The contributions of principal component 1 (PC1) and principal component 2 (PC2) were 68῏ and 23῏, respectively; thus PC1 could explain most of the variation. With regard to the factor loadings of PC1, factor loadings for 2,3,3῎,4,4῎-PeCB (#105) and 2,3῎,4,4῎,5-PeCB (#118) were high, whereas that for 3,3῎,4,4῎,5-PeCB (#126) was low. In addition, according to the PCA plot shown in Fig. 5 , it was considered that PC1 was a source of PCBs; it consists of Kanechlors and the gases emitted from municipal waste incinerators. The contribution of PC2 was unclear.
Daily intakes of PCDD/Fs and Coplanar PCBs
Daily intakes of PCDD/Fs and Coplanar PCBs from fruits were estimated (Table 5 ). The daily intakes of PCDD/Fs and Coplanar PCBs from each fruit were obtained for both ND῎0 and ND῎1/2 LOQ, by means of the following procedure. The TEQs of the fruits in Table 4 were multiplied by the daily intakes of individual fruits 21 )ῌ23) , and the values were divided by an arbitrary body weight (50 kg). Some fruits (apples, grapes, Japanese apricot, pears, persimmons, and pon-kan) were analyzed with their skin, so the daily intakes of PCDD/ Fs and Coplanar PCBs would have been overestimated in this study. The daily intakes of PCDD/Fs and Coplanar PCBs from the fruits were estimated to be 0.0082 pg-TEQ/kg b.w./day (ND῎0) and 0.072 pg- 24) conducted a total diet study to calculate daily intakes of PCDD/Fs and Coplanar PCBs from food, and reported that in 1999 and 2000 they were 2.25 pg-TEQ/kg b.w./day (NDῌ0) and 3.22 pg-TEQ/kg b. w./day (NDῌ1/2 LOD). Thus, the daily intakes of TEQ (NDῌ0) of PCDD/Fs and Coplanar PCBs originating from fruits are extremely low (maximum of approximately 3῍) as a proportion of the intakes from all foodstu#s. Daily intakes of PCDD/Fs and Coplanar PCBs from fruits were 0.06 pg-TEQ/kg b.w./day in UK 25) , 0.04 pg-TEQ/kg b.w./day in Germany 26) , and undetectable in the US 27) . The reported data for other countries are similar to the findings of this study. The proportions of the intakes of PCDD/Fs and Coplanar PCBs from fruits with respect to all foodstu#s were 2.5῍ in UK and 3.3῍ in Germany, respectively. It seems that contamination of PCDD/Fs and Coplanar PCBs in fruits in Japan is comparable with that in other countries.
Temporal changes (1977ῌ2000) of the daily intake of PCDD/Fs and Coplanar PCBs originating from food in Japan were reported by Toyoda et al. 28) and Tsutsumi et al. 24) . Total intakes of PCDD/Fs and Coplanar PCBs decreased from 8. w./day (NDῌ0), respectively. The major contributors to total intake of PCDD/Fs and Coplanar PCBs in the food category were fish, shellfish, meat, eggs and daily products, whereas rice, vegetables and fruits were minor contributors 24), 28) . It is therefore thought that consumption of agricultural crops, particularly fruits, is not an important pathway of human exposure to PCDD/Fs and Coplanar PCBs.
